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Abstract

This analysis examines the notion of
progressive deterioration in schizo-
phrenia, using long-term followup
data on hospital episodes in defined
cohorts from psychiatric case regis-
ters in Victoria, Australia; Denmark;
and Salford, England. The analyses
differentiate heterogeneity existing at
the first hospitalization for schizo-
phrenia, which produces a widely
varying natural course, from hetero-
geneity that develops over time, as
episodes of hospitalization occur.
Episodes of hospitalization for
schizophrenia tend to duster earlier
rather than later in the treatment ca-
reer, suggesting a progressive amelio-
ration rather than deterioration.
When overall chronidty is adjusted,
each additional episode of hospital-
ization lowers the risk for a further
hospitalization by about 10 percent.

Kraepelin's work seemed to imply
that a large proportion of schizo-
phrenic patients would progressively
deteriorate over the years following
their initial episode (Kraepelin
1919/1971). Progressive deterioration
implies that the ultimate outcome is
unfavorable and that the rate of de-
terioration accelerates over time.
There has been much controversy as
to whether ultimate outcome is unfa-
vorable or not (Harding et al. 1987;
Westermeyer and Harrow 1988) but
little analysis of the progressive as-
pect of the course. The notion of
progressive deterioration implies that
the rate at which episodes occur
speeds up as time passes and that the
level of functioning to which the in-
dividual returns upon remission from
a given episode is progressively
lower, and the probability of a fu-
ture episode higher, than before the
episode. The shift in level of func-

tioning is portrayed in Ciompi's
drawings of typologies of course
(Ciompi 1980) and is part of the con-
cept of "shift-like" schizophrenia
(Shmaonova et al. 1983). The
DSM-III states that the "most com-
mon course is one of acute exacerba-
tions with increasing residual impair-
ment between episodes" (emphasis
added; American Psychiatric Associ-
ation 1980, p. 185), which agrees
with many clinical textbooks (e.g.,
Slater and Roth 1974, p. 308; Leh-
mann and Cancro 1985, p. 710).

Several lines of reasoning suggest
that the rate at which episodes occur
should decline with time and the
level of functioning should improve
with time. For discussion purposes
we call these phenomena "progres-
sive amelioration," in contrast to the
notion of progressive deterioration.
Clinidans with a developmental ori-
entation have noted this possibility
(Cohler and Ferrono 1987; Wing
1987). It may be that some patients
learn to persist with medication only
after several episodes have demon-
strated its value. It could be that de-
dine in rate of episodes occurs be-
cause the individual learns to
recognize initial symptoms of
relapse, and thus is able to prevent
the episode or lessen its severity
(e.g., Herz 1984). It could also be
that the patient's family learns to
adjust to the schizophrenia only
gradually, after some years (Wing
1987). Decline in the potency of
schizophrenia is consistent with some
biological models of the aging brain
(Finch and Morgan 1987). Several
reviews of followup studies have
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concluded that progressive ameliora-
tion is the correct characterization
(Bleuler 1978; Harding et al. 1987;
McGlashan 1988). This analysis fo-
cuses on the progressive aspect of the
course, using data on the rate at
which episodes of hospitalization oc-
cur from three psychiatric case regis-
ters.

Methods

Registers. Three psychiatric case
registers, described in Eaton and col-
leagues (1992, Part I of this article)
participated in these analyses: Vic-
toria, Australia; Salford, England;
and Denmark. Staff from each of the
registers sought permission for par-
ticipation in the study from their lo-
cal committees on human subjects.
Considerable care was taken to cre-
ate data files for analysis that were
anonymous, so that they could be
edited and analyzed at one location,
The Johns Hopkins University School
of Hygiene and Public Health.

Samples. Cohorts defined for these
analyses had at least 16 years of fol-
lowup after discharge for their first
hospitalization for schizophrenia.
Sixteen years represented a compro-
mise between a long duration of fol-
lowup and an entry period long
enough to generate sufficient sample
size. For the Danish cohort this in-
cludes individuals who were
discharged from their initial hospital-
ization for schizophrenia before
March 29, 1972, and for the Victoria
cohort, the individuals discharged
before November 26, 1966. Because
the Salford register sample was
smaller, only people with a minimum
of 14 years of followup were
included. The latest date of discharge
to start the Salford followup was
April 4, 1974.

The two statistical approaches pre-
sented below benefit from restricting
the samples in slightly different
ways. In order to make the results as
comparable as possible, we applied
restrictions to the cohorts equally for
both forms of analysis. The propor-
tional hazards models suffered from
outlier episodes in the tail, leading to
omission of hospitalizations after 16
years in the Victoria and Denmark
data (14 and 16 episodes omitted,
respectively) and after 14 years in
Salford (4 episodes omitted). The log
linear model benefits from having at
least five individuals in each stratum
of total number of episodes, as de-
scribed below and shown in table 2.
In the Victoria cohort, 14 individuals
with more than 13 episodes (range ~
14-30) were omitted; in the Denmark
cohort, 23 individuals with more
than 21 episodes (range — 22-56)
were omitted; in the Salford data, 2
individuals with more than 15 epi-
sodes (21 and 26) were omitted. The
resulting sample sizes were 1,150 for
Victoria, 600 for Denmark, and 100
for Salford.

Statistical Analyses. Two opera-
tional conceptualizations of the
progress of schizophrenia are pre-
sented. One focuses on the clustering
of episodes of hospitalization over
time. In order to model the effects of
the distribution of the hospitaliza-
tions and to control for gender,
decade of onset, and number of hos-
pitalizations before the one
diagnosed as schizophrenia, a log
linear model was used. A second op-
erational conceptualization of the
process focuses on the hazard for
rehospitalizations as a function of
their occurrence. The logic here is
that a decline in the rate of hospital-
izations will result in the later hospi-
tal episodes for any person being
more spread out than earlier hospi-

talizations. This conceptualization
takes advantage of the Cox (1972)
proportional hazards model, pooling
all hospital episodes within individu-
als.

There are two unresolved statisti-
cal issues in studying the long-term
course of schizophrenia: censoring
and heterogeneity. The problem of
censoring arises because the followup
period ends before all hospitaliza-
tions for the cohorts have occurred.
This problem is handled in the log
linear analysis of clustering by fol-
lowing each individual for the identi-
cal period of time after initial dis-
charge, no matter when discharge
occurs. Censoring is addressed in the
proportional hazards model by defin-
ing and redefining the risk set, so
that only individuals who are actu-
ally at risk for a hospital episode
contribute to the parameter
estimates.

The issue of heterogeneity has
been problematic in research on vari-
ous longitudinal probabilistic proc-
esses. Even if the proneness to events
is distributed equally across individu-
als, some individuals can have many
events, and some few, within a given
period. With equal distribution of
proneness, the distribution of events
per person will be Poisson (Feller
1968). When the distribution of
proneness to events is unequal across
individuals, the distribution of events
per person will have a longer tail
than the Poisson, such as the nega-
tive binomial sometimes used to fit
accident statistics (Arbous and Ker-
rich 1951) and also fit to episodes of
schizophrenia (Eaton 1974). The cen-
tral problem is that the effects of
progressive deterioration, sometimes
called "contagion" in textbooks of
probability (Feller 1968), produce the
same elongated tail on the distribu-
tion of episodes as is produced by an
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unchanging heterogeneity. Research
on schizophrenia strongly suggests
that there is considerable heterogene-
ity in both severity and chronicity
(Carpenter et al. 1985; Carpenter and
Kirkpatrick 1988). Earlier work with
data from the registers included here
suggests, for example, that age of
onset is an indicator of this heteroge-
neity and that those with early onset
will have a more chronic course
(Eaton et al. 1992, Part I of this arti-
cle). In the analyses below, we strive
to eliminate the effects of preexisting
heterogeneity in the population in
regard to chronicity, in order to
study possible change over time in
the tendency to have hospitaliza-
tions. The total number of hospital
episodes over the entire followup
period serves as the best indicator of
this heterogeneity, and it is used as a
covariate along with other possible
indicators for heterogeneity.

Another statistical problem is that
hospitalizations are not independent,
because each individual can generate
more than one over the length of the
followup period. The variances pro-
duced by generally available log lin-
ear and proportional hazards models
estimating algorithms (e.g., in SAS
Users Guide [1985]) are not robust to
the departure from independence,
and resulting significance tests are
inappropriate. There is a positive
correlation of the occurrence of epi-
sodes within individuals over time,
as implied by the notion of heteroge-
neity, and the generally available
software will produce variances that
are too small. In the analyses below
we use new estimation algorithms
that correct for departure from inde-
pendence (Liang and Zeger 1986; Ze-
ger and Liang 1986; Wei and Amato
1988) to ensure that our tests are
conservative.

Results

There were some differences in the
cohorts for the three register areas,
as might be expected. Table 1 shows
that about half of the patients for
Victoria and Salford were males, but
that more than 60 percent were male
in Denmark. The age of onset was in
young adulthood, which is consistent
with the literature (Eaton 1985), with
the minor exception of a curiously
high percentage of onset after the age
of 60 in Salford.

The Danish cohort was more
chronic than the other two, consis-
tent with earlier analyses of hospital-
Lzation following first discharge in
much larger cohorts (Eaton et al.
1992, Part I of this article). A higher
percentage of the Danish cohort had
hospitalizations before the one in
which the case first received the di-
agnosis of schizophrenia (over 15%
vs. under 8.5% for Victoria and Sal-
ford). Individuals in the Danish co-
hort had many more hospitalizations
during the followup: almost 25 per-
cent had seven or more hospitaliza-
tions, compared with 5.5 percent for
Victoria, with identical length of fol-
lowup, and 11.0 percent in Salford,
where the followup was 2 years
shorter. The mean numbers of hospi-
talizations for Victoria, Denmark,
and Salford, respectively, are 2.5,
5.3, and 3.3 (data not shown).

Table 2 presents the distribution of
hospital episodes in periods following
the first discharge for the Danish co-
hort. Each period in table 2 (col-
umns) is exactly 2 years long for
each individual, regardless of the ex-
act date of the first discharge. The
rows of the table represent total
number of hospitalizations after the
first. Similar tables were constructed
for the Victoria and Salford cohorts,
but there were inadequate cell sizes
for the Salford cohort.

The question is how hospitaliza-
tions are spread over time. For ex-
ample, there were 68 individuals who
had two more admissions after the
first one in which they were diag-
nosed with schizophrenia. This totals
132 hospital episodes, 61 (46%) of
which occurred within 2 years after
the first discharge, 16 (12%) in years
3 and 4, 15 (11%) in years 5 and 6,
and so on. The stratum with 14 hos-
pitalizations, which comprised six
individuals, had 14 percent in the
first 2-year period, 14 percent in the
second 2-year period, and so on.

Table 2 shows that hospital epi-
sodes clustered early in the psychiat-
ric career. The distribution of hospi-
talizations over time, as shown in
table 2, can be fit to a log linear
model for a more precise description.
This allows holding constant the ef-
fects of gender, onset decade, num-
ber of prior hospitalizations before
being diagnosed as having schizo-
phrenia, and total number of hospi-
talizations. Table 3 presents the
adjusted odds of having a hospital-
ization in each interval, compared to
the first interval, and shows that the
tendency to have episodes of hospi-
talization declined with time in the
Victoria and in the Denmark data.
The odds of a hospitalization occur-
ring in the final 2-year period were
about one-quarter the odds of a hos-
pitalization occurring in the same
initial 2-year period as the first hos-
pitalization. The decline appears to
be most dramatic in the initial 2
years (from 1.00 to 0.57 and to 0.66
for Denmark and Victoria, respec-
tively) and more gradual thereafter.

It is necessary to consider whether
the decline in numbers of hospital
episodes, shown in table 3, could
have been produced by sampling
variation. The observations for the
analysis are not drawn independ-
ently, but rather are clustered within
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Table 1. Descriptive statistics for all
diagnosis of schizophrenia and had a

Characteristic

Gender (%)
Male
Female

Age of onset (%)
10-19
20-29
30-39
40-49
50-59
60 +

Number of prior hospitallzations (%)
0
1
2
3 +

first hospitallzatlons of
minimum of 16 years of

Victoria,
Australia

49.9
50.1

8.2
29.0
27.4
18.8
10.2
6.4

91.5
7.4
0.8
0.3

Number of hospitallzations after first schizophrenia
diagnosis (%)
0
1
2
3
4
5
6
7 +

Total n of cases
Total n of hospital izations

51.1
18.6
9.6
5.5
4.3
3.0
2.4
5.5

1,150
2,866

subjects who ever
followup1

Denmark

63.8
36.2

17.7
43.0
14.2
10.5
7.8
6.8

83.8
12.3
3.5
0.4

25.2
12.8
11.3
8.8
6.7
5.3
5.2

24.7

600
3,193

received a

Salford,
England

50.0
50.0

12.0
34.0
10.0
19.0
13.0
12.0

93.0
3.0
2.0
2.0

36.0
22.0
17.0
5.0
6.0
2.0
1.0

11.0

100
327

'For Salford, a minimum of 14 years of followup.

individuals. Usually, but not always,
variances for clustered observations
are larger than variances for indepen-
dent observations, due to positive
correlation within the cluster and
reduced effective sample size. There-
fore, the method of Liang and Zeger
(1986) was used to estimate variances
that were robust to the effect of
within-individual clustering. The
structure of the covariance matrix of
episodes was assumed to be autore-
gressive with a lag of 2, as suggested

in earlier research on the course of
schizophrenia (Eaton 1974). The re-
sulting 95 percent confidence inter-
vals are shown in table 3. None of
the confidence intervals overlaps
with 1.00, and it appears that the
decline in numbers of hospitaliza-
tions was not due to chance.

Because the decline in risk for re-
hospitalization appears to be greatest
in the first two periods, these were
analyzed on a month-by-month basis
as shown in figures 1, 2, and 3. Each

of these figures shows a different
stratum for Denmark, defined by
numbers of hospitalizations: figure 1
for those with 2 hospitalizations; fig-
ure 2 for those with 3 hospitaliza-
tions; and figure 3 for those with 10
hospitalizations. The figures show
that the modal month for rehospitali-
zation is the first month following
discharge. After this time, it is hard
to see a pattern. Similar results were
observed in the Victoria data. Across
the strata defined by total number of
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hospitalizations, the mode was usu-
ally, but not always, in the first
month after discharge. The data in
table 3 show that there is a decline
in the rate of rehospitalization,
which is spread out over 16 years
but has a slight tendency to occur
most forcefully in years 3 and 4 fol-
lowing discharge; the data in figures
1, 2, and 3, and comparable data for
Victoria show that rehospitalizations
that occur during the first 4 years
tend to be concentrated in the first
month after discharge.

If hospital episodes are less likely
to occur later in the psychiatric ca-
reer, then lengths of stay in the com-
munity, outside the hospital, should
be correspondingly longer. Figures 4,
5, and 6 show box plots (McGill et
al. 1979) for lengths of stay in the
community following discharges oc-
curring during each of the 2-year in-
tervals following first discharge for
the Victoria, Denmark, and Salford
cohorts, respectively. The plots indi-
cate a tendency for the duration of
community tenure to lengthen. For
example, in Victoria (figure 4) the
median tenure in the community fol-
lowing a discharge occurring in the
first 2-year period after the initial
episode is 220 days, whereas the me-
dian tenure in the community for
discharges occurring in years IS or
16 following the initial episode is 533
days. A similar tendency is evident
in Denmark and in Salford. In all
three systems, the 75th percentile is
markedly higher later in the followup
period (e.g., for Victoria, 402 days
in the first followup period and
1,662 days in the eighth followup
period).

The analyses are compromised be-
cause length of stay in the commu-
nity could not have a value extend-
ing beyond the end of the followup
period. To minimize the effects of
this censoring, we entered into the
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Table 3. Log linear models of the distribution of episodes Into
2-year periods after first discharge1

Number of years
following first
hospltallzatlon

1-2
3-4
5-6
7-8
9-10

11-12
13-14
15-16

1-2
3-4
5-6
7-8
9-10

11-12
13-14
15-16

Odds

Denmark
1.00
0.57
0.52
0.54
0.35
0.32
0.24
0.29

Victoria, Australia
1.00
0.66
0.59
0.42
0.41
0.38
0.34
0.24

95% confidence
interval

(0.49-0.66)
(0.43-0.61)
(0.44-0.65)
(0.28-0.42)
(0.26-0.39)
(0.19-0.30)
(0.23-0.37)

(0.56-0.78)
(0.48-0.71)
(0.34-0.52)
(0.33-0.51)
(0.30-0.47)
(0.27-0.44)
(0.19-0.33)

1Odds for hospltallzatlon In that Interval, compared with trie first 2-year period, adjusted by
age of first onset, gender, number of hospltallzatlons before Initial hospital diagnosis of
schizophrenia, and total number of hospltallzatlona following first hospital diagnosis of
schizophrenia.

plots only community tenures before
the beginning of a final episode of
hospitalization that actually was re-
corded during the followup period
(i.e., the box plots are based on
1,716, 2,593, and 227 episodes in
Victoria, Denmark, and Salford, re-
spectively). In Salford and Denmark,
it appears that the length of stay in
the community was diminishing dur-
ing the final 2 years of followup. We
interpret this as an effect of eliminat-
ing the censored observations from
the data, in that longer lengths of
stay in the community were more
likely to be omitted. These omissions
may have produced the diminishing
trends in the final years of followup.
It is also possible that the diminution
in the final years results from devel-
opmental processes. For example, 13

to 16 years after discharge from the
initial hospital episode, most persons
diagnosed with schizophrenia will be
in late middle age. During this pe-
riod there may be a rise in the possi-
bility of rehospitalization due to
death of parents who had protected
the patient until this time.

Estimating length of tenure in the
community toward the end of the
followup period is problematic be-
cause many individuals are still in
the community at the end of the fol-
lowup, and the duration for that pe-
riod is biased low. The proportional
hazard approach deals appropriately
with this problem by censoring
lengths of stay that are continuing at
the end of followup. This approach
has the form of a regression, and
each day of followup is included in

the estimation of regression coeffi-
cients until the community tenure
concludes with a hospitalization, a
death, or until the end of the follow-
up period, in which case the length
is censored. Variables that may have
an independent effect on the risk for
rehospitalization following discharges
throughout the course, including gen-
der, age of onset, number of hospital
episodes before the initial diagnosis
of schizophrenia, and total number
of hospitalizations during the follow-
up are also held constant (table 4).

Gender, age at first onset, and
number of hospitalizations before the
initial hospital diagnosis of schizo-
phrenia do not have strong and con-
sistent effects on the course of hospi-
talization (table 4). Later age of
onset is associated with a more be-
nign course in Victoria and Den-
mark. These results are similar to
those of previous research with these
data on the hazard of rehospitaliza-
tion after the first discharge (Eaton et
al. 1992, Part I of this article), ex-
cept that the effects of age of onset
were stronger in the previous work.
In that analysis there was no adjust-
ment for total number of hospitaliza-
tions, which may be a more power-
ful indicator of the chronicity/
severity variable. In these cohorts,
earlier age of onset is a strong and
significant predictor of rehospitaliza-
tion risk until the total number of
episodes is entered into the model
(data not shown).

Individuals with a greater total
number of hospitalizations have a
higher risk for readmission. For ex-
ample, in Victoria, individuals with
two episodes have a 33 percent
higher risk for readmission than indi-
viduals with one; those with three
episodes have a 33 percent higher
risk for readmission than those with
two; and so forth. The limitation of
the followup period constrains this
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Figure 1. Denmark: Individuals who had one hospitallzation after first discharge
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Figure 2. Denmark: Individuals who had two hospitalizations after first discharge
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Figure 3. Denmark: Individuals who had nine hospitallzations after first discharge
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Table 4. Proportional hazard models: Estimated relative risks (95% confidence interval) of all re-
hospitallzations after first hospital diagnosis of schizophrenia for 16 years of foiiowup1

Characteristic

Gender
Male
Female

Age of onset at first hospltalization for
schizophrenia
10-19
20-29
30-39
40-49
50-59
60 +

Number of hospitalizations before first
hospital diagnosis of schizophrenia

Total number of hospitalizations for
the individual during foiiowup2

Each additional hospitalization

Total number of hospitalizations

Victoria,
Australia

1.00
1.01 (0.86-1.19)

1.00
0.87 (0.63-1.19)
0.90 (0.66-1.21)
0.87 (0.63-1.20)
1.01 (0.76-1.34)
0.63 (0.42-0.94)

1.08 (0.89-1.31)

1.33 (1.28-1.37)

0.89 (0.87-0.91)

2,866

Denmark

1.00
0.97 (0.79-1.18)

1.00
0.91 (0.79-1.16)
0.91 (0.64-1.28)
0.71 (0.54-0.92)
0.77 (0.57-1.05)
0.80 (0.57-1.11)

0.98 (0.83-1.14)

1.13 (1.11-1.16)

0.95 (0.94-0.96)

3,193

Salford,
England

1.00
0.72 (0.57-0.90)

1.00
0.94 (0.70-1.28)
0.85 (0.61-1.18)
1.23 (1.12-1.23)
1.58 (0.92-2.71)
0.77 (0.34-1.76)

0.92 (0.68-1.24)

1.23 (1.17-1.29)

0.93 (0.87-0.99)

327

'For Salford, 14 years of foiiowup.
'Following the hospltallzatlon on which the diagnosis of schizophrenia was first received.
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Figure 4. Box plot of time between hospitallzatlons in Victoria
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The top of the box Is the 75th percentlle for length of community tenure, the bottom of the box Is the 25th percentlle, and the median Is the
line drawn through the box. The width of the box Is proportional to the square root of the sample size of episodes occurring in the pertinent
period of time, and notches Indicate the 95 percent confidence Interval for the median.

effect to have this shape, in that if
more hospitalizations have to be fit
into the same duration of followup,
the risk for readmission must per-
force be greater. This variable is in-
cluded in the model to control for
heterogeneity of severity. Holding
constant this indicator of severity,
does the rapidity with which hospital
episodes occur change over time7
This issue is addressed by the rela-
tive risks for each additional hospi-
talization, which are less than 1.00,
indicating a decline in the force pro-

ducing hospitalizations as the career
proceeds. Each additional hospital
episode reduces the risk for rehospi-
talization by about 7 percent.

In the proportional hazard model
in table 4, the focus was on the
change in risk with each additional
hospitalization. The focus could as
well have been on the amount of
time since discharge from initial hos-
pitalization. Similar models were es-
timated substituting "years since first
discharge" for the "additional hospi-
talization" variable. Results were

very similar: they were consistent
across the three sites, had equal sta-
tistical significance, and had small to
modest effects (about 3% reduction
in risk for each year following dis-
charge).

The results presented in the pro-
portional hazards models in table 4
are consistent with results in table 3
and with the plots in figures 4, 5,
and 6. But as with the log linear
models in table 3, tests of signifi-
cance based on independent sampling
are not appropriate because each in-
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Figure 5. Box plot of time between hospltallzatlons In Denmark
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The top of the box Is the 75th percentiie for length of community tenure, the bottom of the box Is the 25th percentiie, and the median is the
line drawn through the box. The width of the box Is proportional to the square root of the sample size of episodes occurring in the pertinent
period of time, and notches indicate the 95 percent confidence interval for the median.

dividual can contribute more than
one observation to the data. There-
fore, in estimating the 95 percent
confidence intervals shown in table
4, a method developed by Wei and
Amato (1988) was used, which takes
account of the intraindividual varia-
tion in a fashion analogous to that
developed for the generalized linear
models by Zeger and Liang (1986).
In each of the three cohorts, the 95
percent confidence interval for the
odds ratio for each additional hospi-
tal episode does not include 1.00,

indicating that the results are un-
likely to be due to chance variation.

The decline in tendency to have
hospitalizations would not have been
revealed in table 4 if the total num-
ber of hospital episodes during the
followup, which we used as an indi
cator of overall severity and chronic-
ity, had not been a covariate. Had
we not adjusted by total number of
hospitalizations, the analysis might
have revealed a higher risk for rehos-
pitalization following, say, the sixth
as compared to the fourth episode.

The problem in this comparison is
that individuals who have had six
hospital episodes are more severely
and chronically ill than those who
have had four. Individuals with six
hospitalizations had them more rap-
idly because the followup periods for
those with six and those with four
were identical. Separate models
could be displayed for each of sev-
eral strata defined by the total num-
ber of hospital episodes, but the re-
sults across the strata are very
similar to those in table 4.
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Figure 6. Box plot of time between hospltallzatlons In Salford
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period of time, and notches indicate the 95 percent confidence Interval for the median.

Discussion

These analyses show that the ten-
dency to have episodes of psychiatric
hospitalization declines after an ini-
tial hospitalization for schizophrenia.
The data were analyzed with two
distinct statistical approaches and are
displayed in graphic form. The re-
sults do not appear to be due to
chance variation. The findings are
consistent in cohorts of first-admitted
schizophrenic patients in three differ-
ent countries. These arc the first

analyses of long-term followup using
newly developed statistical technolo-
gies that take into account censoring
and clustering. The general tendency
for amelioration is fundamentally
contrary to early concepts of pro-
gressive and inevitable deterioration
but may have resulted from a change
in the nature of schizophrenia since
early research on the course of the
disease (e.g.. Shepherd's [1989]
review).

One explanation for the decline in
rate of rehospitalization could be a

change in the administrative struc-
ture of the hospitals in the three reg-
ister areas. It is difficult to examine
this possibility because age of onset,
number of episodes past the first,
and calendar time are highly corre-
lated. If all three variables- are en-
tered together as predictors, the
models become ill-conditioned and
nonsensical results are produced. In
both Victoria and Denmark the num-
ber of psychiatric hospital beds was
declining during the period of time
under study in these cohorts. How-
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ever, we feel this reduction was
achieved by shortening the length of
stay in the hospital, not by raising
the threshold of severity required for
admission. In these cohorts, median
length of stay in the first versus the
last of the 2-year followup periods
was 56 versus 22 for Victoria, 37
versus 20 for Denmark, and 22 ver-
sus 17 for Salford. These changes are
enough to account for the lowered
number of beds in psychiatric hospi-
tals.

There are some data relevant to
the issue of historical trends in
thresholds for hospitalization in the
three register areas. A prior analysis
of rehospitalization following only
the first discharge was able to in-
clude calendar time as a covariate
because the years of admission in
that analysis had a greater range and
there was no need to adjust for the
number of the hospitalizations after
the first (Eaton et al. 1992, Part I of
this article). In that analysis the risk
for rehospitalization following the
first did not decline over the relevant
time periods. Instead, the relative
risks for rehospitalization following
the first tended to rise over the pe-
riod studied here in all three register
areas. The rise in risk for rehospitali-
zation is consistent with the develop-
ment of the so-called "revolving-
door" syndrome. Therefore, it seems
unlikely that historical trends explain
the temporal decline in rate of rehos-
pitalization observed in tables 3 and
4 and in figures 4, 5, and 6.

What are the clinical implications
of the results? In any given clinical
situation, we cannot tell the individ-
ual diagnosed as having schizo-
phrenia how many hospitalizations
he or she will have to suffer through
in the future. Nor can we say how
long any given hospital episode will
last. Nor can we say, for those who
are discharged, how long they must

wait before it is certain they will re-
main outside the hospital indefi-
nitely. But we can say, based on
these analyses, that schizophrenic
patients will be less likely to be re-
hospitalized as time passes. The con-
cept of progressive deterioration does
not describe the process as accurately
as progressive amelioration.

References

American Psychiatric Association.
DSM-H1: Diagnostic and Statistical
Manual of Mental Disorders. 3rd ed.
Washington, DC: The Association,
1980.

Arbous, A.G., and Kerrich, J.E. Ac-
cident statistics and the concept of
accident proneness. Biometrics,
7:340-423, 1951.

Bleuler, M.E. The long-term course
of schizophrenic psychoses. In:
Wynne, L.C.; Cromwell, R.L.; and
Matthysse, S., eds. The Nature of
Schizophrenia: New Approaches to
Research and Treatment. New York:
John Wiley & Sons, 1978. pp.
631-636.

Carpenter, W.T., Jr.; Heinrichs,
D.W.; and Wagman, A.M. On the
heterogeneity of schizophrenia.
In: Alpert, M., ed. Controversies in
Schizophrenia. New York: Guilford
Press, 1985.

Carpenter, W.T., Jr., and Kirkpa-
trick, B. The heterogeneity of the
long-term course of schizophrenia.
Schizophrenia Bulletin, 14:645-652,
1988.

Ciompi, L. The natural history of
schizophrenia in the long term. Brit-
ish Journal of Psychiatry, 136:413-
420, 1980.

Cohler, B.J., and Ferrono, C.L.
Schizophrenia and the adult
life-course. In: Miller, N.E., and Co-
hen, G.D., eds. Schizophrenia and

Aging: Schizophrenia, Paranoia, and
Schizophreniform Disorders in Later
Life. New York: Guilford Press,
1987. pp. 189-199.

Cox, D.R. Regression models and life
tables. Journal of the Royal Statisti-
cal Society. Series B. Methodologi-
cal, 34:187-202, 1972.

Eaton, W.W. Mental hospitalization
as a reinforcement process. American
Sociological Review, 39:252-260,
1974.

Eaton, W.W. Epidemiology of
schizophrenia. Epidemiologic
Reviews, 7:105-126, 1985.

Eaton, W.W.; Mortensen, P.B.;
Hemnan, H.; Freeman, H.; Bilker,
W.; Burgess, P.; and Wooff, K.
Long-term course of hospitalization
for schizophrenia: Part I. Risk for
rehospitalization. Schizophrenia Bul-
letin, 18:217-228, 1992.

Feller, W. An Introduction to Proba-
bility Theory and Its Applications.
Vol. 1., 3rd ed. New York: John Wi-
ley & Sons, 1968.

Finch, C.E., and Morgan, D. Aging
and schizophrenia: A hypothesis re-
lating asynchrony in neural aging
processes to the manifestations of
schizophrenia and other neurologic
diseases with age. In: Miller, N.E.,
and Cohen, G.D., eds. Schizophrenia
and Aging: Schizophrenia, Paranoia,
and Schizophreniform Disorders in
Later Life. New York: Guilford
Press, 1987. pp. 97-108.

Harding, CM.; Zubin, J.; and
Strauss, J.S. Chronicity in schizo-
phrenia: Fact, partial fact, or arti-
fact? Hospital and Community Psy-
chiatry, 38:477-486, 1987.

Herz, M.I. Recognizing and prevent-
ing relapse in patients with schizo-
phrenia. Hospital and Community
Psychiatry, 35:344-349, 1984.

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article/18/2/229/1940649 by guest on 16 August 2022



VOL 18, NO. 2, 1992 241

Kraepelin, E. Dementia Praecox and
Paraphrenia. (1919) Translated by
R.M. Barclay. New York: Robert E.
Krieger Publishing Company, 1971.

Lehmann, H.E., and Cancro, R.
Schizophrenia: Clinical features: In:
Kaplan, H.I., and Sadock, B.J., eds.
Comprehensive Textbook of Psychia-
try. 4th ed. Baltimore: Williams &
Wilkins Company, 1985. pp.
680-713.

Liang, K.Y., and Zeger, S.L. Longi-
tudinal data analysis using general-
ized linear models. Biometrika,
73:13-22, 1986.
McGill, R.; Tukey, J.W.; and Lar-
sen, W.A. Variations of box plots.
American Statistician, 32:12-16,
1978.

McGlashan, T.H. A selective review
of recent North American long-term
followup studies of schizophrenia.
Schizophrenia Bulletin, 14:515-542,
1988.

SAS Users Guide: Statistics. 5th ed.
Cary, NC: SAS Institute, Inc., 1985.

Shepherd, M. The natural history of
schizophrenia: Background and re-
view. In: Rajkumar, S.; Thara, R.;
and Nagaswami, V., eds. The Natu-
ral History of Schizophrenia. Ma-
dras, India: Scarf Publications, 1989.
pp. 1-20.

Shmaonova, L.M.; lieberman, Y.I.;
Lobova, E.K.; and Kramelashvili,
V.V. Frequency of acute schizo-
phrenic episodes ("attacks") and
probability of predictability. Psychi-
atric Journal of the University of Ot-
tawa, 8:5-15, 1983.

Slater, E., and Roth, M. Clinical
Psychiatry. 3rd ed. London: Bail-
Here, TindaH & Cassell, 1974.
Wei, L.J., and Amato, D.A. Regres-
sion Analysis for Highly Stratified
Failure Time Observations. Madison,
Wl: University of Wisconsin Clinical
Cancer Center, Technical Report No.
49, 1988.
Westermeyer, J.F., and Harrow, M.
Course and outcome in schizo-
phrenia. In: Tsuang, M.T., and
Simpson, J.C., eds. Handbook of
Schizophrenia: Nosology, Epidemiol-
ogy and Genetics of Schizophrenia.
Vol. 3. Amsterdam: Elsevier, 1988.
pp. 205-244.

Wing, J.K. Long-term social adapta-
tion in schizophrenia. In: Miller,
N.E., and Cohen, G.D., eds. Schizo-
phrenia and Aging: Schizophrenia,
Paranoia, and Schizophreniform Dis-
orders in Later Life. New York: Guil-
ford Press, 1987. pp. 183-188.
Zeger, S.L., and Liang, K.Y. Longi-
tudinal data analysis for discrete and
continuous outcomes. Biometrics,
42:121-130, 1986.

Acknowledgments

This work was supported by USPHS
grant MH-44653 from the National
Institute of Mental Health. The au-
thors are grateful to Drs. Povl
Munk-Jorgensen, Gurli Perto, Rob
Goudey, Alan MacKenzie, Malcolm
Cleverly, Tom Fryers, Eric Feuer,
and Irving Goldberg for help in or-
ganizing the register files; to Hen-

dricks Brown and Scott Zeger for
statistical consultations; and to Jean
Lavelle for preparation of this
manuscript.

The Authors

William W. Eaton, Ph.D., is Profes-
sor, Department of Mental Hygiene,
School of Hygiene and Public
Health, The Johns Hopkins Univer-
sity, Baltimore, MD. Warren Bilker,
M.S., is Hospital Biostatistician, Of-
fice of Medical Affairs, The Johns
Hopkins Hospital, Baltimore, MD.
Josep M. Haro, M.D., M.P.H., is
Resident, Department of Psychiatry,
Provincial Hospital Clinic, Barce-
lona, Spain. Helen Herrman, M.D.,
is Director, Psychiatric Epidemiology
and Services Evaluation Unit, Health
Department of Victoria, and Senior
Lecturer, Department of Psychologi-
cal Medicine, Monash University,
Melbourne, Australia. Preben Bo
Mortensen, M.D., is Senior Regis-
trar, Institute of Psychiatric Demog-
raphy, Aarhus, Denmark. Hugh
Freeman, D.M., F.R.C. Psych., is
Editor, British Journal of Psychiatry;
Honorary Professor, University of
Salford; and Honorary Consultant
Psychiatrist, Salford Health Author-
ity, London, England. Philip Burgess,
Ph.D., is Senior Research Psycholo-
gist, Psychiatric Epidemiology and
Services Evaluation Unit, Office of
Psychiatric Services, Health Depart-
ment of Victoria, Australia.

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article/18/2/229/1940649 by guest on 16 August 2022


